Ectoparasites are temporary or permanent skin dwellers. Megninia ginglymura (Mégnin) (Analgidae) causes economic damage in commercial poultry farms as a result of lower egg production or even death of the host. Little is known about Megninia ginglymura's life cycle and infestation. This study aimed to evaluate the preference of M. ginglymura for different body regions of the host Gallus gallus L. and its abundance and population dynamics in different laying hen houses. Samples were collected from August 2013 to August 2014 in three different commercial laying hen systems: automatic production systems (A 1,2,3 ); semiautomatic systems (S 1 (free of pesticides) and S 2 ) and free-range system (FR). Ten laying hen were sampled each laying hen house and it were collected feathers were collected from different body regions form 10 hens in each laying house. A total of 28,305 specimens belonging to M. ginglymura were collected. Higher abundance was noted in S 1 (9,234), S 2 (9,121), and FR (5,873) and lower in A 2 (2,211), A 3 (1,628), and A 1 (238). The dorsum (back of the body) region showed the highest abundance, mean abundance, and prevalence, representing 29.5% of the total specimens collected. The cloacal region was the second with 21.1% of the total of this ectoparasite. The abdomen and neck represented 20.8% and 19.6%, respectively. The inner wings presented the lowest abundance, mean abundance, and prevalence in all laying hen houses (9.0% of specimens). The prevalence was significantly different in automatic, semiautomatic, and free-range systems. The population peaks seems to coincide with periods of high temperatures and precipitation. Populations of this species already exhibit resistance to synthetic chemical pesticide.
INTRODUCTION
Parasitism is now widely recognized as a factor that can influence the composition and structure of natural animal communities (Minchella and Scott, 1991; Combes, 1996; Hudson and Greenman, 1998; Poulin, 1999) . The presence of determined species of animals or its abundance over others species in a community may be linked to the action of parasites. Ectoparasites are temporary or permanent skin dwellers to get food (skin, blood, lymph and skin appendices), heat, and protection.
Several groups of ectoparasites can attack avians and are classified into two large groups. The first group is represented by those parasites which feed only on the tegumental surface and epithelial attachments, such as C 2017 Poultry Science Association Inc. Received March 1, 2017. Accepted August 10, 2017. 1 Corresponding author: tamarahorn83@hotmail.com feathers or dead skin cells. The other group may have a greater impact, through spoliation (blood or lymph), irritation, and cause more significant economic losses (De Vaney, 1986; Rezende et al., 2013) .
Avian ectoparasites, which include arthropods, play an important role in the poultry industry via their influence on the health, animal welfare, and the egg quality. One important group of ectoparasites are the feather mites, which occur in every order of birds worldwide (Gaud and Atyeo, 1996; Mironov and Proctor, 2008) . They inhabit the skin (dermicoles), the surface of feathers (plumicoles), or the inner calamus (syringicoles) (Proctor, 2003) . The transmission of the feather mites generally occurs via direct physical contact between birds of the same species. This results in high specificity of these mites for their hosts, often revealing impressive cases of parallel evolution (Mironov and Dabert, 1999; Dabert, 2004) . As a result, the infestation of avian ectoparasites in confinement, as laying hen in a poultry farm and can spread rapidly.
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Feather mites of the genus Megninia Berlese are found in various genera and species of poultry. It is Megninia ginglymura (Mégnin) (Analgidae) that causes up to 20% lower egg production or even death in poultry (Monteiro, 2005; Sparagano et al., 2009) . Megninia ginglymura lives in association with feathers remaining in the laying hen body and attacks feathers of the dorsum, chest, and uropygium, leaving these areas cut and rarified. In addition, the mite saliva can cause lesions, allergic reactions, serious scabs, stress, crust formation, and secondary bacterial infections (Tucci et al., 2005) . M. ginglymura infestation in different body regions of laying hens showed that higher densities were observed on the dorsum and tail, while lower densities were observed on the wings and chest (Hernández et al., 2007) . Silva et al. (2013) found M. ginglymura associated with nests and feathers of laying hens, while Horn et al. (2016) , when evaluating different commercial laying hen systems, observed that M. ginglymura was the main species of veterinary interest. A better understanding of the distribution of M. ginglymura in the laying hen body region as well as in different laying hen management systems will allow for the most effective control strategies by synthetic chemicals, biological control, and acaricidal activity of some plant extracts or alternative control.
Thus, the aim of this study was to compare the population dynamics of the feather mite M. ginglymura in the host Gallus gallus L. under three different commercial housing systems. A second aim was to understand the distribution of M. ginglymura in the different body regions of the host G. gallus. Considering that different hen management systems change the characteristics of the mite fauna (Horn et al., 2016) , and that poultry ectoparasites differ in their population dynamics according to body regions of the host (Hernández et al., 2007) , it was assumed that (1) different laying hen systems would change the population dynamics of M. ginglymura. Additionally, it was expected that (2) there would be a different distribution pattern of M. ginglymura between the body regions of the host, due to the differences in conditions and resource availability.
MATERIAL AND METHODS
This study was conducted in different commercial laying hen systems between August 2013 and August 2014 in Lajeado, state of Rio Grande do Sul, Brazil.
Six poultry houses were sampled, where in three of them, the laying hen system consisted of automated vertical battery cages, two semi-automated, and one free range. In the automated systems (A 1,2,3 ), the laying hen were confined in metal cages on six floors with an area of approximately 450 cm 2 /hen (nine hens/cage), and the cages were placed on top of the other in stacks of four. Feed was provided in a metal feeder structure, water in nipple-type drinker, and there was an automatic egg collection belt. In addition, an automatic belt collected the feces at least three times per week by belt at the bottom of the floor of cages. In this laying hen system, there are screens throughout the laying hen house to prevent wild bird access.
Among the A 1 laying hens, 39,000 white laying hens of the Bovans breeds were maintained and two flocks were evaluated. The first was 45 weeks old at the beginning of sampling and 94 weeks old in July 2014, when it was replaced by a new flock at 16 weeks old and evaluated up to 20 weeks old in August 2014, giving a total of 21 samples (nA 1 : 210). In A 2 , there were 60,000 laying hens, 50% Bovans breed (left side of the laying hen house) and 50% Isa Brown breed (right side of the laying hen house). The flock was 68 weeks old at the beginning of sampling and 98 weeks old in March 2014. A new flock was introduced in April 2014 at 17 weeks old and evaluated up to 37 weeks old in August 2014, resulting in 20 samples (nA 2 : 200). In A 1 and A 2 , Topline (Merial Brasil) (fipronil 1%) was added to the feed in September 2013 as routine management to control parasites. In A 3 , there were 35,000 Isa Brown laying hens, the evaluation began with a flock of 99 weeks old evaluated up to 109 weeks old in October 2013. A new flock of 19 weeks old was introduced in December 2014 and evaluated up to 54 weeks old in August 2014, giving a total of 17 samples (nA 3 : 170). In this system, Couro Limpo (Noxon) (15% cypermethrin, 25% chlorpyrifos, and 1% citronellal) was applied twice in April 2014.
In the semi-automated laying hen system (S 1,2 ), the cages were arranged in the form of stair steps with two stacks of cages in each poultry house. Feed and water were provided in an automated manner and eggs collected manually. The S 1 system was a wood structure in the style of a "California house", and S 2 was a "wide-span model" (Axtell, 1986) . S 1 did not receive any type of pesticide application during the evaluation period and was considered the semi-automated control. S 1 housed 7,750 DeKalb brown laying hens, which were 45 weeks old at the beginning of sampling and 88 weeks old in July 2014 when the flock was removed, for a total of 18 samples (nS 1 : 180). S 2 housed 10,400 Isa Brown laying hens, which were 41 weeks old at the beginning of sampling and 95 weeks old in August 2014, totaling 22 samples (nS 2 : 220). This system received Topline (fipronil 1%) in the feed in September 2013 and May 2014. The systems S 1 and S 2 allowed the entry of wild birds.
The other laying hen house evaluated was the free range system (FR). The laying hens were maintained free of cages and the ground was covered with sawdust. In Brazil, this system is popularly known as "caipira". In FR, 3,500 Isa Brown laying hens were housed, they were 44 weeks old and evaluated up to 88 weeks old in July 2014, when they were removed, totaling 19 samples (nFR: 190). Feed and water were provided in an automatica way and egg collecting was manual. The nests were packed in a wooden structure with sawdust inside to prevent eggs from rolling. The laying hens were released in the day to sunbathe, ground pecking, and wing flapping. The nests were treated with Bolfo (Bayer) (propoxur 1%) powder in December 2013 and January and April 2014. The sampling efforts were different in the laying hen houses due to the absence of laying hen in some periods depending on the pause between the disposal of the old bath and entrance to the new laying hen flock. Automotive vehicles' access from other hen houses has been denied throughout the study.
Mite Samplings
To collect the ectoparasites, ten laying hens from each system were examined. The number of mites collected from each body region was recorded. From each laying hen, it was collected a total of five feathers were collected from each body region and recorded: abdomen (Ab), cloaca (C), dorsum (D), inner wings (W), and neck (N) (Figure 1) .
The feathers were placed in plastic containers with 70% alcohol for a minimum of 24 hours before the screening. The plastic containers were taken to the laboratory in a paper box with Styrofoam inside. The screening was performed by filtering the alcohol in qualitative filter paper of diameter 12.5 cm and weight of 80 g/m 2 . The mites were collected with a fine-tipped paintbrush and mounted with Hoyer's medium on microscope slides (Walter and Krantz, 2009 ). The slides were kept for up to 10 days at 50 to 60
• C to dry the medium, extension of legs and diaphanization of specimens.
Data Analyses
The infestation of mites was described and calculated by abundance (number of mites on host), mean abundance (the total number of mites in a sample of the host divided by the total number of hosts), and prevalence (number of hosts infected with one or more mite divided by the number of hosts examined) (Bush et al., 1997) . Finally, to evaluate preference of mites for a particular body region and for the different laying hen system, randomization analyses with contrasts and 1,000 permutations were made with software MULTIV 3.47 (Pillar, 2006) . To evaluate the influence of abiotic factors (relative humidity, temperature, and precipitation) on the abundance of M. ginglymura in the different laying hen house, multiple linear regressions were carried out using the statistical program SYSTAT 13 (Systat Inc.) (Chicago, Illinois).
RESULTS
A total of 1,170 laying hens were sampled during this study and 28,305 mite specimens belonged to M. ginglymura species (Figure 2 ).
Mite Abundance and Prevalence in Laying Hens
The abundance was significantly different among the evaluated confinement systems (F = 1.17; P < 0.001). Higher abundances were associated with the semiautomatic systems S 1 (9,234), S2 (9,121), and in the FR system (5,873) ( Table 1) . Lower abundance occurred in the automated systems A 2 (2,211), A 3 (1,628), and A 1 (238). When the systems were compared in pairs, only A 2 and A 3 showed no significant difference between them.
Only the laying hens present in the system S 1 showed to be one hundred percent parasitized by M. ginglymura, with a mean abundance of 51.30 mites/host. The prevalence and the mean abundance in other systems was 96.8% and 41.46 mites/host in S 2 ; 93.2% and 30.91 mites/host in FR; 51% and 9.58 mites/host in A 3 ; 43.5% and 11.06 mites/host in A 2 ; and only 11.9% and 1.13 mites/host in A 1 (Table 1; Figure 3) . The prevalence was significantly different between the different laying hen systems (F = 2677; P < 0.001). When the systems were compared in pairs, A 2 and A 3 had significant difference between them. The highest individual intensity was 106 mites/host in FR, and in all systems at least one laying hen without infestation of M. ginglymura among the evaluations was observed, except in S 1 , in which the lower individual intensity was two specimens of mites.
The M. ginglymura populations were influenced by abiotic factors such as relative humidity, temperature and precipitation (R 2 A 1 = 0.69, F = 12.624, P < 0.001; R 2 A 2 = 0.558, F = 6.738, P < 0.001; R 2 S 1 = 0.61, F = 7.295, P < 0.001; R 2 S 2 = 0.596, F = 8.837, P < 0.001 and R 2 FR = 0.669, 10.094; P < 0.001). In the A 3 system the environmental variables did not influence their populations (Figure 4) .
The population peaks were observed in January 2014 in A 1 , January to February 2014 in A 2, coinciding with periods of high temperatures and precipitation; in A 3 the population peak was observed between March and April 2014; in S 1, the population peak was in October 2013 to April 2014 coinciding also with periods of high temperature; in S 2 , between December 2013 to May 2014; in FR, high population were observed from August to November 2013.
Mite Distribution in Corporal Regions
In the laying hens evaluated, all body regions had presented M. ginglymura infestation, however this species showed distinct preferences for microhabitats on the host (F = 0.019787; P < 0.001) ( Table 1 ). The dorsum region showed the highest mite abundance, mean abundance, and prevalence in the systems, representing 29.5% of total specimens collected, except in A 1 (Figure 5 ). The cloaca region was the second body region with high numbers, representing 21.1% of total of M. ginglymura. The abdomen represented 20.8% and the neck region 19.6% of total specimens collected. The inner wings region presented the lowest abundance, mean abundance, and prevalence in all laying hen systems, representing 9.0% of specimens. The prevalence was significantly different in the laying hen systems evaluated (F = 1471; P < 0.001). When the prevalence of mites was compared between pairs of body sections, the body regions abdomen-cloaca, cloacawings, dorsum-wings and neck-wings presented significant difference between the means.
DISCUSSION

Mite Abundance and Prevalence in Laying Hens
In the present study, the analyzed data showed evidence that in-house management systems influence the abundance, mean abundance, and prevalence of M. ginglymura in laying hen systems, corroborating our first hypothesis. The same was reported for the general community of mites associated with laying hens (Horn et al., 2016) . Intensive confinement of laying hens induces greater proliferation of ectoparasitic mites (Sparagano, 2009 ) leaving the chickens constantly subjected to stress conditions (Tucci et al., 2005) . However, the opposite was observed in this study since the automated laying hen house (A 1 , A 2 , and A 3 ) seems to induce less abundance and prevalence than other types of management systems where there is less intensive confinement. Automated systems allow a greater confinement of laying hen in less area being commercially more advantageous to increase the productivity per area.
With respect to animal welfare, there is a worldwide trend to opt for the management of free range laying hens (FR). The FR management induces a more diverse community of mites and richness allowing for a greater presence of predatory mites that help the balance between the communities of mites of health importance (Horn et al., 2016) . The number of chickens by cage and the number of chickens by square meter were not significant parameters for increasing the M. ginglymura infestation (Rezende et al., 2015) . Even in laying hen houses with a considerable abundance of M. ginglymura, it was observed that all systems had hosts with zero intensity, except S 1 in which one hundred percent of the chickens were parasitized by M. ginglymura. Although not a variable evaluated in this study, it is noteworthy that this was the only system that had no application of synthetic chemical pesticides during the period of sampling. No association was observed between the use of acaricides and the occurrence of infestations by M. ginglymura, due to fact that these pesticides are used for the control of other species of mites (Rezende et al., 2015) .
When evaluating laying hen houses in Cuba, Hernández et al. (2006) showed that 89.6% of them were infested by M. ginglymura and the prevalence of this species was 89.8% of total laying hen houses evaluated. In Brazil, 18.09% of laying hen houses in Minas Gerais State were infested by M. ginglymura (Rezende et al., 2015) .
In the automated systems, the population peaks seemed to coincide with periods of high temperatures and precipitation. In A 3 , the peak was late, between March and April 2014, due to the new flock of laying hens introduced in January, 2014. The application of synthetic chemical pesticides has been able to reduce populations in these systems and maintain it in low numbers for several months. In semi-automated systems, the population peak was broader (S 1 :
October 2013 to April 2014; S 2 : December 2013 to May 2014), coinciding with high temperature periods. It is worth mentioning that there was no application of chemical pesticides in S 1 , and there was application of pesticides in two different times in S 2, which failed to reduce M. ginglymura populations that very soon returned to growth. In FR, high populations were drastically decreased after application of pesticides in December 2013. However, in February 2014, M. ginglymura population returned to grow and was never influenced by the new pesticide application held in April 2014. Populations of this species already present signs indicative of synthetic chemical pesticide resistance.
The population peak of M. ginglymura occurred in April in the laying hens kept in a battery cage system (22.3 mites/hen), and between February and April in the laying hen kept in free range (16.3 mites/hen) (Faleiro et al., 2015) , being both in same geographical region. These differences may be related to the seasonal temperature, with population peaks occurring in warmer months in free-range chickens, but in the colder months in battery cages (Quintero et al., 2010) .
Mite Distribution in Corporal Regions
Regarding the body region distribution of M. ginglymura in the host, this species showed infestations throughout of the body of laying hen with preferences in distinct microhabitats, thus corroborating our second hypothesis. The M. ginglymura body region distribution seems to be different in laying hen houses with lower abundances than those with higher abundances. Overall, the dorsum region showed the highest infestation, followed by the cloaca and abdome. These preference can be explained because these areas offer a large availability of space and also probably the laying hens had more difficulty in removing the mites from the dorsal region. This body region also presents higher infestations in other studies, being an interesting body region to be considered for the application of pesticides or integrated pest management (Hernández et al., 2007) .
Lower infestations were registered on the inner wings. During the observation of laying hen feathers in a stereomicroscopic to count the mites, it was found that the feathers collected from the inner wings body region always had large amounts of M. ginglymura eggs when compared to other body regions. However, such disproportion was not accounted for. Since this area had the lowest values of abundance, mean abundance, and prevalence, probably the mites use this body region for oviposition due to greater protection and maintenance of body heat.
According to the degrees of model criteria of M. ginglymura infestation proposed by Hernández et al. (2007) , the infestations in all evaluated systems vary between the degree very light (1-5 mites/feather) to light (6-25 mites/feather). The damage caused by this mite to laying hens is still not well defined. Tucci et al. (2005) reported that laying hens parasitized by Megninia spp. seemed to be weakened, angry, smelly, and in some cases the feathers had lost their plumage or there was a lack of feathers on the head, besides loss in egg production.
